ESTIMATING THE SHADOW PRICE OF FOREIGN EXCHANGE IN PROJECT APPRAISAL
By BELA BALASSA' Introduction THIS paper will examine questions relating to the estimation of the shadow price of foreign exchange for project evaluation in developing countries. In the discussion, attention will also be given to the proposed use of conversion factors--designed to express primary factors and nontraded goods in world market prices-in the place of the shadow exchange rate under the LittleMirrlees method (1969) .
In order to simplify the analysis and to focus on issues pertaining to the estimation of the shadow exchange rate, it will be assumed throughout that optimal savings and investment are attained by means other than project selection; that income distributional and employment considerations' do not enter into project appraisal; and that there are no market imperfections other than foreign trade distortions in the form of tariffs, quantitative restrictions or export subsidies. The case of unlimited labour supply will, however, also be considered.
In project evaluation in general and in estimating the shadow exchange rate in particular, assumptions need to be made as regards the trade policies followed during the lifetime of the project. Michael Bruno (1965) , who pioneered the domestic resource cost method, has proposed using in project evaluation the shadow exchange rate corresponding to optimal policies (the first-best shadow exchange rate). In their review article on the shadow price of foreign exchange Bacha and Taylor (1971) have also suggested that this be estimated under the assumption of optimal policies. In turn, the authors of the UNIDO Guidelines (1972) have taken the view that one should assume the continuation of present policies in appraising projects and in valuing foreign exchange. Finally, the Little-Mirrlees method is interpreted by the present author as pertaining to the case of optimal policies. This is however a contentious issue and, at any rate, the method can also be applied under the assumption that trade distortions will remain unchanged. 2 But, rather than entering into the discussion of what l At various stages of preparation of the paper I have benefited from discussions with Edmar Bacha, Trent Bertrand, Charles Blitzer, Max Corden, Ross Parish, Maurice Scott, and Larry Westphal.
2 The Manual (1969) is far from clear on this point and statements can be cited to support one position or the other. However, the general tone of Chapters II and IV points to the assumption of optimal pohcies and, in answering the critics of their method, Little and Mirrlees have stated that they 'do not in general "espouse" free trade, but optimal trade and domestic production ' (1972, p. 165) , and that 'the basis prescriptions of the Manual are exactly right when other economic policies are expected to be optimal . .. relative to the 4202.1 L 'Little-Mirrlees really meant', in the following the applicability of their method will be considered under both assumptions.
In Part I of the paper it will be assumed that trade distortions would be removed by the time the project is implemented. In Part II, the assumption will be made that existing trade distortions would be maintained throughout the life of the project, and consideration will further be given to the implications of the alternative policy assumptions.
I. Project evaluation under the assumption of optimal policies
equivalence of alternative methods of project appraisal' Assuming that foreign trade distortions will be removed by the time the project is implemented, this should be evaluated at prices that would obtain if an optimal policy were applied. If extemal economies are absent, the optimal policy for a country which cannot affect world market prices will be that of free trade. Correspondingly, a project will have to be evaluated on the basis of whether it would be profitable at the product and factor prices that would obtain under free trade conditions. The domestic prices of traded goods under free trade are derived by multiplying their world market prices 2 by the free trade exchange rate. I will initially assume that this rate as well as the free trade factor prices are estimated from a general equilibrium model of the economy.
Once we know the free trade prices, it will not matter whether we employ the general profitability criterion itself or make calculations with respect to capital (the rate of return criterion) or foreign exchange (the direct domestic cost of foreign exchange or effective protection criterion). 3 Nor will it matter whether calculations are made in domestic or in world market prices. This will be shown here for the case when all goods are traded. As shown on pp. 151-8, however, the introduction of nontraded goods will not affect this conclusion.
Let R stand for the net benefit of the project, r the rate of return to capital, and d the exchange rate, while a refers to the direct coefficients of intermediate inputs (j), factor inputs (f), and capital inputs (k) for a constraints ' (1972 , p. 154). In turn, Joshi (1972 considers the Little-Mirrlees method under both policy assumptions while according to Lal 'though the LM Manual places its main emphasis on the future trade liberalization assumption, the authors are aware that their rules are applicable also to cases where non-optimal trade policies are followed ' (1972, p. 20) .
1 The equivalence of the general profitability and the rate of return to capital criteria was first established by Chenery (1961) , while the equivalence of these criteria and the domestic cost of foreign exchange criterion was first shown by Bruno (1965) . In the following, distinction will be made between rate of return calculations in domestic and in world market prices that is necessary to evaluate the Little-Mirrlees method of project appraisal. Also, the formulas will be modified to consider the case of nontraded inputs.
2 The c.i.f. prices of imports and the f.o.b. prices of exports expressed in foreign currency, e.g. the US dollar, are customarily taken to represent world market or border prices.
3 More generally, the calculations may be made with respect to any factor of production.
product (i) under free trade conditions, and superscript w denotes magnitudes observed on the world market. If the net benefit of the project (B) as expressed in (1) is non-negative, the project will be profitable at free trade prices and it should be undertaken.'
In order to derive the rate of return to capital criterion in terms of domestic prices, we separate the contribution of capital from that of the other primary factors as in (2) and express from this the price of capital (2a) and the rate of return to capital in the project (2b).
2 It is apparent that if the general profitability condition is fulfilled, the rate of return in the project (ri) will be no less than the price of capital (r), so that this criterion will lead us to accept the project (2c).3
An analogous procedure is followed if the rate of return to capital is expressed in terms of world market prices. Formulas (3) to (3c) showing both products and factors valued at world market prices are equivalent to (2) to (2c), with each term being divided by the free trade exchange rate. The rate of return expressed in world market prices (riw) will thus be the same as that in domestic prices (ri) and so will the condition for accepting or rejecting the project.
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k X The formulas have been derived for the case of a one-period production process which is awkward conceptually but simple algebraically; they can be adapted to the case when costs and returns occur over time by expressing them in present value terms.
2 In the case of capital, physical units of capital goods have to be expressed in value terms. For simplicity, it will be assumed that all capital goods are traded. Thus, assuming a oneperiod production process, the value of capital goods is included in the term for traded inputs as weU as in the denominator of the equation.
a In equilibrium, no profits are made so that the condition of acceptance is the equality of the rate of return in the project to the price of capital. If a project shows a higher rate of return than the price of capital, factor prices will be recalculated and/or the industry will have to expand further.
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Next, we transform the general profitability condition to obtain the domestic cost of foreign exchange criterion. From (4) to (4c) it is apparent that if the general profitability condition is fulfilled, the domestic cost of earning or saving foreign exchange in the project (di) will be equal to or less than the exchange rate (d) and hence the project will be implemented.
It is now apparent that under stated assumptions alternative methods of project evaluation will lead to the same conclusion for accepting or rejecting a project. If the free trade prices of primary factors and foreign exchange were derived from a general equilibrium model, there would then be little point in choosing among them. However, in developing countries it will rarely be possible to use general equilibrium analysis and, with the use of partial equilibrium procedures, the choice among alternative methods does present itself. This choice should be made on the basis of considerations such as information requirements, ease of calculation, and precision. In all instances, the starting-point is data on domestic product and factor prices under protection which are supplemented by information collected on the world market prices of traded goods.
Michael Bruno notes that the domestic resource cost (DRC) method has been successfully used in Israel and suggests that this approach offers certain advantages. 'Oiie advantage of using DRC in practice . .. comes from the fact that in many projects export proceeds or import savings loom large in the computations and often it is the exchange rate which is the most distorted price.... Another advantage for intuitive exposition purposes comes from the fact that the DRC criterion is an explicit expression of the comparative cost principle in international trade (Bruno, 1972, p. 21) .
The suitability of the DRC measure for Israel is related to the fact that, while the exchange rate is distorted by the use of protective measures, labour markets are reasonably perfect and the cost of capital can be represented by its international supply price. In most other developing countries, however, labour and capital markets are also imperfect, so that there is no prima-facie case in favour of the DRC method. The choice may then be made on the basis of the importance of traded goods as products and inputs, with the DRC method used, e.g. for industrial projects and the rate of return to capital method for agricultural and infrastructure projects.
The case of unchanged real wages
Should we adopt the rate of return to capital method, calculations may be made in domestic or in world market prices. The latter alternative has been chosen by Little and Mirrlees. Claims have been made for the superiority of this method on the grounds that it can dispense with the estimation of the shadow exchange rate, replacing it by various conversion factors which are said to offer practical advantages.' I will examine the validity of these claims under alternative assumptions as regards the supply of primary factors, the world market prices of traded goods, and the treatment of nontraded inputs.
Let us take first what may be considered the basic case in Little-Mirrlees, when there are only two factors of production, (unskilled) labour and capital, and labour has a horizontal supply curve so that real wages remain unchanged after the elimination of protection. Assume further that the prices of traded goods are given for the country in question and there is full information on the direct and indirect inputs of nontraded goods. Real wages can then be expressed in terms of the world market value of traded goods directly and indirectly consumed by labour as suggested by Little- Mirrlees. exchange rate, regardless of whether calculations are made in domestic or in world market prices.
This conclusion is subject to several qualifications, however. First of all, unless all price and substitution elasticities are zero, the world market value of labour's consumption under free trade will not be the same as under protection. Rather, utility maximization in terms of domestic prices will necessarily lead to a decrease in the world market cost of labour's consumption as trade distortions are removed. ' Moreover, the rate of return to capital in the project will have to be compared to the shadow price of capital. If we assumed that the country can borrow unlimited amounts abroad, this would equal the going interest rate in foreign capital markets. But in this case the adoption of optimal policies may entail an increase in real wages since, in the absence of other primary factors, labour may receive the entire gain from free trade. Increases in real wages, in turn, will modify labour's consumption pattern in line with intercommodity differences in income elasticities of demand.
Should we assume instead that capital is not available at constant costs from abroad, its shadow price will be affected by the reallocation of resources attendant on the move to free trade. Now, since the direction and the extent of this reallocation depends on changes in relative prices, the estimation of the shadow price of capital will require information on the relevant demand and suppy elasticities that are also needed for estimating the shadow price of foreign exchange. This leads us to the more general case when at least some primary factors are not in infinitely elastic supply.
Introducing additional factors of production
If we admit the existence of factors of production which are not in infinitely elastic supply, their shadow prices under free trade will need to be estimated. In making calculations in terms of domestic prices, the remuneration of such scarce factors under free trade conditions will appear in the numerator of equation (3b), and hence we will need to estimate the shadow exchange rate in order to express the world market prices of traded goods in domestic prices. 2 This should be ideally estimated in a general equilibrium model. Lacking such a model, recourse has to be had to partial equilibrium estimation.
I The consumer's choice is made in terms of domestic prices which differ from world market prices under protection. Correspondingly, a particular utility level is reached at a higher foreign exchange cost under protection than under free trade, when the two sets of prices are the same and hence maximization in terms of domestic prices will also mean maximization in terms of world market prices.
2 If trade distortions are eliminated without compensating measures being taken, the country would incur a balance-of.payments deficit. This deficit could be cured by general deflation or by a change in the exchange rate. In developing countries, we can assume that exchange rate changes will be used simultaneously with the elimination of trade distortions.
Retaining the assumption that the country cannot affect world market prices, the free trade exchange rate will depend on the elasticities of domestic demand and supply of importables and exportables. Information on these elasticities would permit estimating the consumption and the production effects of the system of protection, when the estimation of production effects would necessitate calculating the effective rate of protection (Balassa and Associates, 1971, pp. 326-7) .
In practice, a simplified formulation is generally used that requires information on the elasticities of import demand ('urn ) and export supply (e.), the value of imports (M) and exports (X) under protection, the ad valorem rates of tariffs or the tariff equivalent of quantitative restrictions (T) and rates of export subsidies (S). The relevant formula for the case of initial balance-of-payments equilibrium is shown in (5); in the formula d refers to the free trade exchange rate and d' to the exchange rate under the existing system of trade distortions (Balassa and Associates, 1971, pp. 326-8) 
In turn, in making calculations in world market prices, the remuneration of scarce primary factors will need to be expressed in terms of world market values. In case studies of a rayon plant in Pakistan and a machine-tool plant in Mexico (1969, pp. 222-50) , Little-Mirrlees used for this purpose the so-called standard conversion factor (SCF), defined as 'the average ratio of world prices to domestic prices for a representative selection of commodities ' (1969, p. 156) . But, while according to Little-Ilirrlees, 'the standard conversion factor is the reciprocal of a shadow exchange rate ' (1972, p. 154 ), this will be the case only under special assumptions which are unlikely to be fulfilled in practice.
2 Correspondingly, its use in (4b) in place of the shadow exchange rate will give rise to errors of estimation.
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Apart from the choice of the weights used in the averaging process, applying the standard conversion ratio in the calculations will give rise to errors since no account is taken of the elasticities of domestic demand and supply that will affect foreign exchange receipts and expenditures as we move from protection to a free trade situation with attendant changes in I An equivalent formula is derived in Bacha-Taylor, 1971 -Taking the actual exchange rate as unuty, (5) will equal the free trade shadow exchange rate.
2 From (5) it is apparent that the standard conversion factor will equal the shadow exchange rate if the average elasticity of supply of exports equals the average elasticity of demand for imports, and tariffs (or the tariff equivalent of quotas) and export subsidies are averaged by using, respectively, imports and exports as weights.
8 The reader will recall that the Little-Mirrlees method is interpreted here as applying to the case when optimal policies are assumed. The conversion problem under the assumption of continuing nonoptimal policies is discussed on pp. 160-2 below. relative prices. These effects are, however, taken into account in estimating the shadow price of foreign exchange.
The use of standard conversion factors has been defended on the grounds that the error committed thereby would be small since scarce primary factors account for a small proportion of production costs. This will not generally be the case, however. Land assumes importance in the case of agricultural products while skilled, technical, and managerial labour weigh heavily in manufacturing industry. Also, in few developing countries will unskilled labour be in unlimited supply, especially for industrial uses so that its remuneration under free trade conditions would also need to be estimated. Finally, capital costs may account for a high proportion of the total, and capital should be considered as any other scarce factor.
An alternative procedure is to follow suggestions made in the Manual (1969, pp. 115 and 227) for valuing factors of production in terms of the world market value of output foregone in alternative uses.1 But, since in the presence of trade distortions the marginal value products of primary factors are equalized in domestic but not in world market prices, a weighting procedure will need to be devised to express their opportunity costs in world market prices.
Weighting by the observed amounts of a particular factor in its various uses under protection will not be the appropriate procedure since the move from protection to free trade involves a reallocation of resources, with formerly protected uses contracting and unprotected ones expanding. 2 At the same time, the extent of this reallocation can be gauged only if there is information on the elasticities of domestic demand and supply incorporated in the calculation of the shadow exchange rate, as well as on the elasticities of factor substitution needed to estimate the domestic prices of scarce factors under free trade.
It follows that if we admit the existence of factors of production which are not available in infinitely elastic supply, the information requirements of estimation in domestic and in world market prices will again be the same. The world market prices of such 'non-decomposable' factors may be obtained by dividing their domestic prices under free trade by the shadow price of foreign exchange, just as making calculations in domestic prices requires multiplying the world market prices of traded goods by the shadow exchange rate. Alternatively, the remuneration of these factors under free I Value added rather than output value will be relevant if intermediate inputs are used in the production process.
' Thus, if land is presently used to grow wheat, which enjoys high protection, as well as maize that is subject to low tariffs and potatoes that receive no protection, the move towards free trade will tend to lead to an expansion of the production of potatoes while wheat and maize may not even be grown any more. Accordingly, the proportions in which land is utilized under protection cannot be used to estimate its marginal value product in world market prices under free trade.
trade may be expressed directly in terms of world market prices by utilizing information on product and factor-substitution elasticities to estimate changes in their marginal physical products in various uses and in the relative importance of these uses following the move to free trade. The implicit conversion factors for the individual primary factors (the ratio of their world market to domestic prices in a free trade situation) will then be the ratio of their marginal value products in world market and in domestic prices under free trade. These ratios, in-turn, equal the reciprocal of the shadow exchange rate that is the 'conversion factor' for the prices of traded goods.
In practical application, however, the conversion factors will relate the world market prices of primary factors under free trade to their domestic prices under protection, just as we calculate the ratio of the free trade exchange rate to the actual rate. The direct estimation of the world market prices of primary factors under free trade thus involves combining two separate steps into one: that of estimating the domestic prices of these factors under free trade and of calculating the ratio of their free trade marginal value products in world market and in domestic prices.
If, as a first approximation, we assume that relative domestic factor prices are unaffected by trade distortions,' there will still be need to estimate the effects of the reallocation of resources on the world market prices of primary factors under free trade. This is because, with unchanged relative domestic factor prices, the elimination of protective measures will entail changes in the marginal physical products of primary factors and the domestic prices of products in opposite directions. Now, as the world market prices of products remain the same, changes in the marginal physical products of particular primary factors in their various uses will affect their opportunity cost in world market prices.
What, then, of the choice between calculating the world market prices of the individual primary factors directly or using the shadow exchange rate as a conversion factor? In the case of a project which employs a factor that has a single alternative use, the first procedure would seem to have the advantage of simplicity. However, this will rarely happen in practice as even land may have several alternative uses. Moreover, all projects use capital and they often employ a variety of labour categories, so that the world market prices of these factors under free trade would need to be estimated. At the same time, estimating these prices requires information on the uses of each primary factor under protection, on the relevant elasticities of demand and supply, as well as on factor substitution.
Thus, if we assume that relative domestic factor prices are unaffected by protection, the estimation of the shadow exchange rate will generally offer practical advantages over calculating the world market prices of all primary factors used in a project under free trade. An additional advantage is that the shadow exchange rate concept is well known and it is easily understandable, not only to the economist, but also to the policy maker.
Furthermore, the shadow exchange rate focuses on the balance-ofpayments constraint of the developing countries, which is a major consideration in policy making, and it is suitable for expressing changes in the country's 'environment' in the course of the implementation of the project. Thus, we can directly estimate the effects on the shadow exchange rate of changes in world demand conditions, foreign aid and private investment, and debt servicing that may occur during the lifetime of the project. By contrast, it would be cumbersome to consider the effects of these variables on the world market prices of the individual primary factors.
The demand for exports
But should we assume the constancy of real wages for unskilled labour and neglect the existence of factors of production that are not available in unlimited supply, there will still be need to estimate the shadow exchange rate if we admitted the possibility that the country in question will affect world market prices. And while it can be assumed that developing countries are 'price-takers' in the markets for their imports, such will be the case for the exports of the smaller developing countries only. This result is explained by the concentration of the exports of most developing countries in a few commodities and by the fragmentation of their foreign markets.
If foreign demand for at least some of the country's exports is not infinitely elastic, the elasticity of supply of foreign exchange (ef) will be affected both by the elasticity of domestic supply (e.) and the elasticity of foreign demand (71,). This is shown in (6) while (7) provides the revised form of the equation used to estimate the free trade exchange rate (Balassa and Associates, 1971, p. 328) .
It is apparent that the world market prices of export commodities with a finite elasticity of foreign demand will now depend on the trade policies followed by the country in question. Correspondingly, if such export products are consumed by labour, used as intermediate inputs in the project, or produced by the project, the shadow exchange rate will have to be used to relate home supply expressed in domestic prices to foreign demand expressed in world market prices.
Nor does the need for the shadow exchange rate disappear if the country's exports facing less than infinitely elastic foreign demand are neither used in labour's consumption nor do they appear as the output or intermediate inputs in the project under consideration. In this eventuality, estimating the shadow exchange rate will be necessary in order to calculate the shadow price of capital, since this is affected by the profitability of the country's major exports, which again depends on the exchange rate.
Introducing nontraded inputs
It has been assumed so far that all intermediate inputs are traded goods. In a hypothetical free trade situation this involves valuing intermediate inputs in free trade prices, irrespective of whether they are imported or produced domestically under protection. An alternative assumption is that the project would purchase inputs from domestic and foreign sources in the same proportions as in the base period (i.e. under protection), with domestically produced inputs being valued in terms of the primary factors and imported inputs necessary for their production.
Postulating unchanged proportions as between domestic and imported inputs is not, however, compatible with the assumption that free trade policies would be adopted by the time the project is implemented. Since the project will purchase all traded inputs at free trade prices, domestic production that is unprofitable at these prices will have to disappear, with corresponding changes in input proportions.
While all traded goods will thus be valued in free trade prices, the next question is how to value nontraded inputs, comprising various services which cannot be traded because transportation costs make such trading prohibitive. Goods which are not traded under protection because they are subject to prohibitive tariffs or quotas, are excluded from this group since they would be imported under free trade if domestic costs exceeded the world market price. Also, we will initially disregard differences between f.o.b. and c.i.f. prices and assume that nontraded goods are produced at constant costs.
Under the assumption of constant costs, nontraded goods can be decomposed into traded goods and primary factors. The decomposition is carried out by the use of a semi-input-output method that involves going down the input-output structure until a traded input or a primary factor is reached.' This is done by utilizing the elements of the matrix of direct and indirect traded input and factor input coefficients for nontraded goods without, however, further partitioning the material inputs used in producing nontraded goods.
We thus divide the value of nontraded inputs into two parts: (a) traded inputs and (b) primary factors, used directly and indirectly in the production of nontraded goods. The former is then combined with the traded inputs, and the latter with the primary factors, used directly in the project.
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Once the decomposition of the prices of nontraded inputs has been accomplished, we can apply formulas (1) to (4) as beforehand.
For cases when the complete breakdown of nontraded inputs is not available, Little-Mirlees originally suggested applying the standard conversion factor (1968, p. 156), but have subsequently expressed preference for the use of multiple conversion factors for particular nontraded goods (1972, p. 154 ). This point is made more explicit by Lal who maintains that in most developing countries the use of multiple conversion factors to express nontraded goods in world market prices endows the Little-Mirrlees method with superiority over methods that use a single shadow exchange rate to express traded goods in domestic prices (1972, p. 31) .
The alleged advantages of multiple conversion factors will disappear, however, if we consider that these involve collapsing two separate steps into one: that of 'decomposition' (i.e. decomposing the value of nontraded inputs into traded goods and primary factors) and that of 'conversion' (i.e. expressing the remuneration of primary factors in world market prices). Now, while for decomposing nontraded goods into primary factors and traded goods we need only to know their relative proportions, the world market value of primary factors will be influenced by the relevant elasticities.
The accuracy of estimation thus requires the separate treatment of the problems of decomposition and of conversion. This can be accomplished by decomposing-however roughly-nontraded inputs into traded goods and primary factors, 3 and then using the shadow exchange rate as a conversion factor or calculating directly the world market prices of primary factors. The information requirements of the two methods are thus again the same. Next, consider the case when nontraded goods consumed by labour, used I The application of this procedure in project evaluation has been recommended independently by several writers, including Tmbergen (1963), Balassa and Schydlowsky (1968), and Little (1969) . Balassa and Schydlowsky cited Corden (1966) who suggested estimating the effective rate of protection by decomposing the value of nontraded goods into traded goods and primary factors.
2 In so doing, the direct and indirect capital requirements of nontraded inputs, too, are added to the project's direct capital requirements.
as inputs in the project, or produced by the project are supplied at nonconstant costs. Account will now have to be taken of changes in consumer and producer surplus that, in turn, necessitates making calculations in domestic prices and using the shadow exchange rate to express domestic values in world market prices. At the same time, constant costs are the exception rather than the rule for infrastructure such as roads, railways, and electricity generation.
And, should we admit differences, between c.i.f. and f.o.b. prices, we will use in the calculations the c.i.f. price, the f.o.b. price, or consumer-producer surplus analysis, depending on whether the commodity in question is imported, exported, or produced exclusively for domestic use under optimal policies (Balassa, 1971, p. 12) . This, however, cannot be determined unless we estimate the shadow exchange rate.
Conclusion
We may conclude that claims made for the superiority of the LittleMirrlees method, on the grounds of its replacing the shadow exchange rate with conversion factors which offer practical advantages, have to be rejected. The information requirements of alternative methods of project appraisal are identical and, depending on the assumptions made, either all or none will necessitate using the shadow exchange rate or conversion factors whose estimation requires the same data.
If there are only two factors of production, (unskilled) labour and capital, and real wages in world market prices are unaffected by the adoption of optimal policies, there is no need for a shadow exchange rate irrespective of whether rate of return calculations are made in domestic or in world market prices. In turn, for estimating the opportunity cost of capital or of any other scarce factor under optimal policies in terms of world market prices, we either convert their domestic prices calculated under the assumption of optimal policies by using the shadow exchange rate or use the information necessary for estimating the shadow exchange rate to directly calculate their world market prices.
At the same time, if it can be assumed that domestic factor prices would not be affected by the adoption of optimal policies, the use of shadow exchange rate will generally offer practical advantages over calculating the world market prices of every factor used in the project. And, in estimating the shadow exchange rate we focus on the balance-of-payments constraint of the developing countries which is a major consideration in policy making and one can easily take account of changes in the country's 'environment' that can be expected to affect the balance of payments.
Also, the shadow exchange rate will need to be estimated if the country's exports do not face infinitely elastic demand in order to relate home supply expressed in terms of domestic prices to foreign demand expressed in foreign prices. The same conclusion follows in cases when nontraded goods consumed by labour and/or used as inputs or produced in the project are supplied at nonconstant costs since there will be need for consumerproducer surplus analysis that is done in domestic prices and requires conversion into world market prices by the use of the shadow exchange rate. Finally, if we admit differences between c.i.f. and f.o.b. prices, the valuation of commodities produced or used by the project will depend on whether these are imported, exported, or produced exclusively for domestic use under optimal policies which, in turn, depends on the exchange rate.
II. Project evaluation under trade distortions
The case of 'fully traded' goods
Instead of postulating that trade distortions will be eliminated by the time the project is implemented, let us now take the case when these distortions are maintained throughout the lifetime of the project. The existence of other distortions does not affect the argument as long as such distortions, too, remain unchanged during the period in question.
I will first assume that all nontraded goods are produced at constant costs; there are no quantitative restrictions or prohibitive tariffs; and the country in question cannot affect world market prices. Under these assumptions, nontraded inputs can be decomposed into traded goods and primary factors, and the project will not lead to changes in the domestic prices-and hence the consumption and production-of traded goods; in Joshi's terminology, they are all 'fully traded' (Joshi, 1972) .
With unchanged domestic consumption and production of commodities produced and used by the project, its entire effect will fall on foreign trade. The project's output will be exported or will substitute for imports while its using traded goods as inputs will involve increased imports or reduced exports. Correspondingly, just as under optimal policies, the project's benefits can be expressed in terms of net foreign exchange saved or earned.
But how about the cost of the project in terms of the primary factors that are withdrawn from alternative uses? Under the stated assumptions, we can express the social opportunity cost of primary factors in terms of the loss of foreign exchange that results from the increased imports and the reduced exports of commodities whose domestic production is being curtailed. Assuming that factors are withdrawn from other uses in the same proportions as they are actually employed,' the opportunity cost of a factor in ' The actual outcome will depend on the shapes of the marginal physical product curves of the individual factors in their various uses.
terms of world market prices will equal the weighted average of the world market values of marginal physical products in its uses under trade distortions, the weights being the amounts of the factor employed in these uses.,
With all products and factors valued at their world market prices, there will be no need for estimating the shadow exchange rate under the LittleMirrlees method. Nor will this be needed to make calculations in domestic prices; just as in the case of unlimited labour supply under optimal policies, the shadow exchange rate becomes a scalar that will affect the level of domestic shadow prices of products and factors but not the choice of projects.
It should be emphasized, however, that while the shadow prices of fully traded goods will be the same under trade distortions as under optimal policies, such will not be the case for primary factors. This is because the marginal physical products of primary factors in their various uses, as well as the relative importance of these uses, will differ under the two alternatives. Ceteris paribus, projects that employ factors used intensively in highly protected industries will be favoured as these factors will have a lower marginal value product in world market prices under trade distortions than under optimal policies.
Relaxing the assumptions
The need for estimating the shadow exchange rate will re-emerge if nontraded goods are not produced at constant costs, there are quotas or prohibitive tariffs, or export products face finite demand elasticities abroad. In all these cases, domestic consumption will be affected by the withdrawal of primary factors from alternative uses and the resulting consumption cost will have to be expressed in domestic values. Now, in estimating the social opportunity cost of primary factors, the shadow exchange rate will be employed to convert the world market prices of fully traded goods into domestic values or the consumption cost of factor use into world market prices, depending on whether the shadow prices of primary factors are calculated-and project evaluation takes place-in domestic or in world market prices (Parish, 1972) .
The shadow exchange rate will also have to be used to value commodities whose prices and domestic consumption are affected by the implementation of the project. This will be the case if the project produces or uses nontraded goods supplied at nonconstant costs, commodities subject to quotas or prohibitive tariffs, or export products facing less than infinitely elastic world demand. In such instances, consumer-producer surplus analysis I As noted earlier, value added rather than price will be relevant if intermediate goods are used in the production process.
needs to be made in domestic values and the shadow exchange rate used to convert domestic values into world market prices or vice versa.
It follows that, properly interpreted, the domestic price and the world market price methods have the same information requirements and will provide the same results. In cases when not all products are fully traded, estimating the social opportunity cost of primary factors, as well as valuing commodities whose prices and domestic consumption are affected by the project, will require using the shadow exchange rate as conversion factor, irrespeotive of whether calculations are made in domestic or in world market prices.
Estimating the shadow exchange rate
The question is then how to estimate the shadow price of foreign exchange under the assumption that trade distortions will be maintained during the lifetime of the project (second-best shadow price). Harberger (1968) and Schydlowsky (1968) have put forward the view that this shadow price should express the marginal social value of foreign exchange, to be measured at domestic prices which reflect marginal utilities in consumption. Such considerations underlie also the estimation of the shadow price of foreign exchange in the UNIDO Guidelines.
The authors of the Guidelines suggest that the shadow price of foreign exchange be calculated as the weighted average of the ratios of domestic to world market prices of imported commodities on which the additional foreign exchange made available by the project is spent. They propose to exclude capital goods from the calculations and consider it unlikely that the increased availability of foreign exchange would lead to a reduction in exports (1972, Chap. 16) .1 Correspondingly, they recommend using the foreign exchange spent on consumer goods and on intermediates utilized in their manufacture as weights in averaging price ratios, without, however, indicating how the amounts of foreign exchange spent on particular goods can be ascertained.
There is no reason, however, to exclude export products and investment goods from the averaging. For one thing, the increased consumption of exports associated with the increment in foreign exchange will lead to reductions in export supply. For another, increased foreign exchange availability will affect the demand for investment goods. At the same time, l It is contemplated that further adjustments be made in cases when 'foreign exchange earnings or savings can be regarded as a goal in themselves prized over and above their contribution to aggregate consumption [reflecting] a desire to reduce the influence of foreign Governments or capitalists implicit in the reliance on foreign aid or foreign private investment to finance trade deficits ' (1972, p. 229) . For simplicity, this eventuality will be disregarded in the following. the exclusion of export goods and investment goods will impart an upward bias to the estimates as exports rarely receive subsidies in the developing countries and tariffs are generally much lower on investment goods than on consumer products.
A further consideration is that in postulating a 'quantity adjustment' (i.e. the spending of additional foreign exchange at constant prices), the authors of the UNIDO method disregard the possibility of a 'price adjustment' that would take the form of changes in exchange rates. Yet, apart from the case when the increment in foreign exchange leads to the liberalization of import quotas and is thus spent on quota items-a case not considered in the UNIDO Guidelines-the increased availability of foreign exchange will entail an appreciation of the currency or, what amounts to the same, it will permit avoiding a devaluation that would otherwise have been necessary. 1 If consideration is given to both the price and the quantity effects of the additional foreign exchange made available by the project, exports and imports will respond to the change in the exchange rate. Now, under the assumption that exports and imports are initially equal, a unit change in foreign exchange receipts will be distributed between an increase in imports and a decrease in exports in proportion to the relevant elasticities of demand for, and supply of, foreign exchange. In turn, for small changes, the domestic value of each unit of import (export) increase (decrease) will equal the original exchange rate times the average rate of tariff (subsidy). As the total value of the increased availability of foreign exchange to the economy equals the sum of the domestic values of the import increase and export decrease, this can be derived as the weighted average of the rates of protection of imports and exports, the weights being the relevant elasticities (Bacha-Taylor, 1971, p. 206) . Using the notation employed earlier, we obtain (7a) where d' refers to the marginal value of foreign exchange, expressed as a percentage of the actual rate.
It is apparent that equations (7) and (7a) have the same information requirements except that we use a point-elasticity in calculating the second best, and an arc-elasticity in estimating the first-best, shadow exchange rate. But, even if differences between marginal and intramarginal changes are neglected, the two formulas will not generally give the same result as I Following the authors of the Guidelines, I exclude here the possibility that the country in question would use the proceeds to increase its foreign exchange reserves.
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M the former is a harmonic mean and the latter an arithmetical mean of nominal rates of protection.' Shadow exchange rates estimated under the assumption of optimal trade policies and the continuation of protection will differ further if imports are subject to quotas. While the first-best shadow exchange rate is estimated from the tariff equivalent of quotas under the assumption that quotas would be removed by the time the project is implemented, this procedure cannot be followed in estimating the second-best shadow exchange rate since an appreciation of the exchange rate will not lead to increases in imports subject to quotas. Conversely, if quotas are liberalized and the entire increment in foreign exchange is spent on quota items, the relevant shadow exchange rate will equal the weighted average of the ratios of domestic to world market prices for the increased imports.
It appears then that project evaluation under the assumption of continuing protection and in the case of optimal policies will give different results because of differences in the social opportunity cost of primary factors and in the shadow exchange rate in the two situations. Further differences arise in the valuation of products which are not fully traded. Finally, the proportion of imported inputs in the total may differ under protection and under optimal policies. To this last point I now turn.
The treatment of domestically produced intermediate inputs
The removal of trade distortions by the time the project is implemented would imply that domestic inputs will be used only if they are competitive with imports under free trade. By contrast, continuing protection will permit the maintenance of domestic input-producing industries whose production costs exceed world market prices, thereby raising costs for the users of these inputs. A possible assumption, referred to earlier, is now that domestic and imported inputs will continue to be used in the same proportions as beforehand (i.e. imported input coefficients are constant). Substituting total-direct plus indirect-input coefficients derived from the input-output table for direct input coefficients in equations (1) to (4), one obtains the formulas for the rate of return to capital and the (direct plus indirect) domestic cost of foreign exchange for the case of constant imported input coefficients.
The interpretation of the results is straightforward: projects are evaluated on the basis of the combined costs of processing the product and its domestically produced inputs. The decision taken on a project for manufacturing I If, for example, trade is initially balanced, the elasticities of demand for, and the supply of, foreign exchange are 2 and 3, and nominal rates of protection on imports and exports 50 and 100 per cent, respectively, the shadow exchange rate under optimal policies will be 16 and under protection 1-7.
e.g. precision equipment will thus be affected by the excess costs of the domestic production of its major input, steel. Correspondingly, in Calculating the rate of return to capital, we combine the amount of capital used directly in the production process with the amount used in the production of domestically produced inputs. In tum, the domestic cost of foreign exchange is calculated as a ratio of the direct plus indirect cost of processing the product and its domestically produced inputs to the net savings or earnings of foreign exchange, which latter equals the difference between the world market price of the product and the world market cost of direct plus indirect imported inputs.
It further appears that, as long as the same assumptions are made concerning the origin of inputs, it is immaterial whether one method of project evaluation is employed or the other. The choice is not between alternative methods of project appraisal but rather between alternative asumptions which may be made in applying any of these methods. The question is then if it is appropriate to combine the cost of processing with that of the domestic production of inputs.
As suggested elsewhere, this method is unsuitable for project evaluation since it assumes the continuation of historically observed input-output structure and it penalizes products by the high cost of domestically produced inputs they have used in the past (Balassa-Schydlowsky, 1968 ). Rather, projects should be evaluated on the basis of marginal instead of average imported input coefficients and, in making decisions on the importation of inputs, relative costs should be taken into account. This could involve making a decision on importing steel for purposes of a new project rather than expanding inefficient domestic facility and subsidizing the production of steel in the existing facility.
The implications of the policy assumptions
The last point leads me to the implications of alternative policy assumptions. As regards trade policies, extreme assumptions are retaining the present system of trade distortions or adopting an optimal trade policy; in regard to traded inputs, the extremes are maintaining the present structure of imported inputs or importing all inputs whose domestic production would not be profitable under optimal policies. These assumptions are indeed extreme since we can hardly postulate either that developing countries would abolish trade distortions prior to the project's implementation or that they would maintain these distortions throughout the lifetime of the project. Policies in developing countries change and the last decade has seen moves towards reducing trade distortions, first in Korea and Taiwan and later in, e.g. Brazil and Colombia.
In all these cases, incentives have been provided to exports, thereby lessening the discriminatory advantages of import substitution. Moreover, in several instances, tariffs have been reduced or a timetable for future tariff reductions has been prepared.
A 'noninterventionist' solution would be to forecast changes in trade policies and in the origin of inputs over time and take account of the time pattern of these changes in appraising the project. Doubts arise, however, concerning the advisability of adopting a noninterventionist attitude in project appraisal. For one thing, the implementation of a project that is not profitable under optimal policies would create vested interests for perpetuating trade distortions. For another, by taking a passive stance, the project evaluating authority would forego an opportunity to affect trade policies.
In the case of an international agency with policy advising responsibilities, the noninterventionist approach would involve separating project appraisal from policy advising. It would appear more appropriate to coordinate these activities and to influence policies through the choice of criteria for project appraisal. In turn, in individual developing countries it would be desirable if the policy-making authority prepared a plan for reducing trade distortions over time. Project evaluation by governmental agencies should then be based on this plan. 1 Project evaluation in developing countries thus raises the question of formulating guidelines for a policy of protection. I have provided such guidelines elsewhere (Balassa and Associates, 1971, Chap. 5) . The guidelines call for setting optimum taxes for export products facing less than infinitely elastic foreign demand; subsidizing the use of labour in cases when full employment cannot be assured at the existing wage rate; providing preferential treatment to manufacturing as a first approximation by setting identical effective rates of protection to all mature industries; and granting additional protection to infant industries on a temporary basis. The aim should be to reduce eventually effective rates of protection in industries that passed the infant industry stage to levels observed in small industrial countries, such as Denmark and Norway, i.e. to approximately 10 per cent.
Summary
I have considered in this paper questions relating to the estimation of the shadow price of foreign exchange under the assumptions of optimal policies and continuing protection. It has been shown that, for any given policy alternative, the information requirements of alternative methods of project I On some of these points and on problems relating to the use of shadow prices in the evaluation of private but not of public projects, see Balassa, 1971. appraisal are identical and, depending on the assumptions made, either all or none will necessitate estimating the shadow exchange rate or conversion factors that require the same data. At the same time, if the appropriate shadow exchange rate (conversion factor) is used, alternative methods of project appraisal will give the same conclusion for accepting or rejecting a project.
Under the assumption of optimal policies, there will be need for using a shadow exchange rate to convert domestic values into world market prices or vice versa if the country in question does not face infinitely elastic export demand, the project affects the consumption of nontraded goods produced at nonconstant costs, or there are differences between the c.i.f. and f.o.b. prices of traded goods. But even if we neglect these cases, the use of the shadow exchange rate offers advantages over expressing the social opportunity cost of primary factors directly in world market prices. Apart from computational simplicity, the shadow exchange rate has the advantage that it focuses on the balance-of-payments constraint of developing countries and in its estimation one can easily take account of changes in external factors such as world demand conditions, foreign aid, private investment, and debt servicing.
The last point will also be relevant in cases if we wished to investigate the effects of changes in trade restrictions on the scarcity value of foreign exchange. In turn, under continuing restrictions, there will be need for estimating the shadow exchange rate whenever the project affects the domestic consumption of particular commodities either directly or indirectly through the use of primary factors since consumer surplus analysis will have to be made in terms of domestic values. The shadow exchange rate will now reflect the marginal social value of the increment in foreign exchange availabilities due to the implementation of the project.
Comparisons have next been made between the first-best shadow exchange rate and the exchange rate calculated under the assumption that present policies will continue throughout the lifetime of the project. Also, it has been shown that the policy assumptions will have implications for the prices of primary factors, the valuation of products which are not fully traded, and the origin of traded inputs. Accordingly, the choice of policy assumptions in project evaluation will present itself.
I have suggested that this question be handled by relating project appraisal to policy-advising or policy making. An international lending agency should coordinate its policy-advising and project-selecting activities whereas, in the national context, decisions on projects should be coordinated with policy making. In particular, policy recommendations and policy decisions should have a bearing on the assumptions made in regard to the shadow exchange rate as well as the origin of inputs.
